Background: Asthma is the most common chronic disease among children in Germany. Approaches to reduce the burden of asthma include patient education to improve self-management skills. Study objectives: We determined whether a continuous Internet-based education program (IEP) as an add-on to a standardized patient management program (SPMP) improves health outcomes of asthma patients at a favorable benefit-cost ratio. Patients and methods: A total of 438 asthmatic patients aged 8 to 16 years in 36 study centers were enrolled during a 6-month period. We performed a prospective cost-benefit analysis alongside a nonrandomized trial. At baseline and at 6 months and 12 months, health service utilization data were collected. Interventions: Study participants were assigned to a control group and two intervention groups. Patients in both intervention groups participated in an SPMP. Additionally, patients in one intervention group received the IEP. 
cient incentives for providers, a lack of patient information about ways to be recruited, and inadequate design of the programs when needs and interests of children and adolescents are considered. 12 To address the observed shortcomings of the existing training programs, an Internet-based education program (IEP) had been developed for asthmatic children aged 8 to 16 years. The IEP serves as an add-on to traditional approaches in patient education. The current study assesses the impact of the IEP on health outcomes and economic implications. It is a cost benefit analysis reporting all costs at year 2001 level in Euros without further discounting.
Materials and Methods

Study Design
The current investigation was a nonrandomized, nonstratified, multicenter, real-life study comprising two intervention groups and one control group (Fig 1) . The investigation was conducted between July 2001 and December 2002 in 36 study centers nationwide, including general practitioner (GP) and specialist offices as well as asthma outpatient facilities of hospitals.
Intervention Groups
All eligible patients were invited to join a standardized patient management program (SPMP). They had the option to self select additional educational activities with the additional IEP, provided that individual access to the Internet was possible at home, at the study centers, or at school. Data collection in the intervention groups was completed at two subsequent visits scheduled at 6 months (visit 2) and 12 months (visit 3) after enrollment.
Control Group
Due to limited capacities in several study centers, numerous patients were in waiting loops for educational courses. Patients on waiting lists for a future (prescheduled) asthma education program were asked to build the control group (CG). Having consented to take part in the study, these patients were recruited 6 months prior to their scheduled educational intervention. During the 6 months prior to the educational program and during the 6 subsequent months, patient outcomes under usual care were documented. Follow-up of CG patients ended with the initiation of the patient education program after visit 2 (end of waiting period; Fig 1) .
At the baseline evaluation (visit 1), information was secured about the child, including recent asthma activity, medication adherence, use of rescue medication, lung function (peak expiratory flow [PEF] , FEV 1 ), health-care utilization (eg, number of hospitalizations, number of outpatient visits at GP or specialist, number of emergency visits, medication costs), and quality of life (QoL). Baseline assessment also included demographic characteristics, allergy status, and classification of degree of asthma severity according to national recommendations. 13 At all visits, the identical protocol was used in all study groups.
Clinical outcomes and health-care resource use data were documented by treating physicians based on (electronic) patient records. Documentation covered the 6-month periods prior to the baseline and subsequent follow-up visits. An additional caregiver questionnaire provided information about patients' school absenteeism, caregivers' loss of workdays due to their child's asthma, and the number of asthma-related emergencies.
Finally, a patient questionnaire was distributed at all scheduled study visits. It contained a QoL questionnaire (KINDL; Berlin, Germany). 14 The KINDL questionnaire is a generic QoL instrument applicable for self administration. It consists of 24 Likertscale items in the dimensions of physical well-being, psychological well-being, self esteem, family, friends, and social functioning. Furthermore, it is supplemented with a diseasespecific asthma module consisting of six further items. Follow-up questionnaires were mailed to GPs, patients, and caregivers in case patient education had taken place in a remote investigator site (four study centers are located in the Alps; country wide, GPs refer their patients to these centers as the centers are specialized in treating asthma and delivering patient education programs in remote areas with low allergen exposure, eg, dust mite).
Intervention
Patients in both intervention groups took part in an SPMP. In a series of educational sessions (5 ϫ 2 h), asthma knowledge and asthma self-management skills were strengthened. Patients were instructed in several disease-related fields (eg, proper use of different inhaler devices, classification of reliever and controller medication, avoidance of asthma triggers, limitation of allergen exposure, peak flow measuring, and its interpretation). During role-playing exercises, critical everyday life situations of asthma patients were simulated in small groups, and possible solutions to daily disease-specific problems were discussed. Content, scope, and results of the SPMP are reported in detail elsewhere. [15] [16] [17] 
Additional Education in the IEP Group
Patients in the intervention groups were allowed to self select the IEP as an additional module. The IEP (www.forumtelemedizin.de, now www.asthmax.de) includes an additional educational module with an asthma-related quiz and an interactive adventure game incorporating numerous virtual asthmarelated situations that have to be managed adequately. Furthermore, a repetition section displaying the educational material of the SPMP is included. In addition, the IEP provides a medical module with individual medication plans, scheduled chats with asthma experts, and an on-line peak flow protocol that is to be maintained by the patient. Communication of registered users, both patients and health-care providers, is feasible in chat rooms or by e-mail. Content for the IEP had been developed by a multidisciplinary team. Over a 6-month period, the IEP was tested successfully in a focus group including 50 children in an inpatient setting. 18 
Study Subjects
Eligibility criteria for study participation were age between 8 and 16 years and the presence of a confirmed asthma diagnosis for at least 1 year. No other asthma program participation prior to study entry was allowed. Sufficient knowledge of the German language was assumed. Appropriate information about the concept of the study was given to all patients and their caregivers by the investigators, and informed consent was obtained from all participants (intervention and control groups) before study entry.
Methods
Physician-and caregiver-reported resource-use data for asthma care were collected. The primary study outcome measure was the calculation of a benefit-cost ratio for each intervention strategy from both the perspective of health-care insurance and a societal perspective. Prices were adjusted to year 2001 prices. Since the observational period did not exceed 1 year, neither prices nor outcomes were discounted. 19 Secondary outcome measures included QoL, lung function, use of rescue medication, and number of days absent from school due to asthma.
Direct Medical Costs
The following asthma-related morbidity measures were calculated for each of the three study groups: average rate of scheduled and unscheduled medical care visits, rate of emergency department visits, and frequency and length of inpatient stays. The monetary values of these measures were determined according to recent estimates and national statistics. 20, 21 Daily asthma medication costs were calculated based on physicians' prescription records. 22 Costs for traditional patient education were derived from existing reimbursement contracts between paymasters and providers and are on a comparable level nationwide. A sickness fund with a market share of approximately 11% reimburses the additional costs of the IEP depending on frequency of use and performance shown by the patient. For the calculation of incremental costs in the IEP group, it was assumed that reimbursement was secured for all participating patients.
Direct Nonmedical Costs
Transportation costs were calculated on the basis of public inner-city transport tariffs, assuming that for every medical care visit a round-trip ticket was needed. Patients using the IEP had to bear Internet access costs.
Indirect Costs
Indirect costs included caregivers' loss of workdays due to their child's asthma. Based on national statistics, the average daily gross earning was determined using the human-capital approach. 23 All unit costs and sources are summarized in Table 1 .
Cost-Benefit Analysis
In all study groups, the average costs per patient during the 6 months prior to baseline visit were determined (costs at visit 1) and extrapolated to annual costs (costs at visit 1 ϫ 2). In the intervention groups, the average annual costs during the observational period were subtracted from these baseline costs in order to arrive at the morbidity cost savings (savings ϭ [costs at visit 1 ϫ 2] Ϫ [costs at visit 2 ϩ costs at visit 3]). We arrived at the adjusted benefit in the intervention groups by accounting for potential savings or excess expenditures in the CG (adjusted benefit ϭ savings Ϫ [costs CG at visit 1 ϫ 2 -costs CG at visit 2 ϫ 2]). The net benefit in the first year after intervention was calculated by subtracting the intervention costs from the adjusted benefit. Finally, the benefit-cost ratio was determined as the ratio of adjusted benefits and intervention costs. The same method was used to calculate the incremental savings and benefits of the educational activities including the IEP when compared to standard patient education.
Analysis
Baseline demographic (sex, age) and baseline clinical variables (lung function) were compared between the groups using 2 tests for categorical variables and t tests for continuous variables. For comparison of study data with normal distribution, we used the Kolmogorov-Smirnov test. In case of normal distribution of continuous variables, we used the t test for group-specific before/after comparisons. Bonferroni tests were applied for the respective group comparisons.
If no normal distribution was assumed following the Kolmogorov-Smirnov test, patient data for the baseline and follow-up periods were compared intraindividually using nonparametric analysis methods. We used the Wilcoxon signed-rank test for continuous variables. Possible differences between study groups were analyzed using the Mann-Whitney U test. A two-tailed p value Ͻ 0.05 was regarded as statistically significant. In order to ensure comparability between groups, all health-care resource data were adjusted to the distribution of asthma severity degrees in the largest of the three study groups.
The weighted average of asthma-severity specific rates (eg, costs), with weights taken from the SPMP group (which was defined as the "standard population," as it is the largest one in patient numbers), provides for each other population (IEP and control group) a summary rate (eg, costs) that reflects the costs that would have been expected if the populations compared had had identical distributions of asthma severity degrees. We have chosen asthma severity as weighting factor as it has a strong impact on asthma-related costs. 3, 4 Similar approaches are applied in other disease areas, eg, in comparisons of cancer mortality rates over different decades with changing age structures of underlying populations. 24 Results are presented as severity-adjusted mean scores for the population per peer protocol (PPP), for subgroups, and for the intention-to-treat (ITT) population. As a standard in health economic evaluations, one-way sensitivity analyses were performed in order to test for the influence of variations in drug therapy adherence, outpatient visit costs, and intervention costs on the benefit-cost ratio. The data were analyzed using statistical software (Version 10.0; SPSS; Chicago, IL).
Results
The original study sample consisted of 358 patients. A further 80 patients were interested in participating but could not be included as they did not meet inclusion criteria. Complete medical resource use data at all follow-up visits were available for 178 patients (49.7%) who were defined as PPP (Table 2) . Medical resource use data of 56 study completers were insufficient for analysis (15.6%). Reasons for study discontinuation (n ϭ 124; 34.6%) were as follows: relocation of patients (n ϭ 6), withdrawal of caregiver consent (n ϭ 6), nonattendance of scheduled follow-up visits (n ϭ 11), no returning of mail questionnaires (n ϭ 41), and relocation of personnel in two study centers (n ϭ 19). Reasons for dropouts were not documented in 41 cases. Patient characteristics are summarized in Table 3 .
Compared to both intervention groups, significantly more patients in the CG were male. In the IEP group, significantly more patients presented with allergies when compared to the SPMP group.
Although not statistically significant (p ϭ 0.17), the proportion of patients with moderate or severe asthma in the IEP group (65.9%, n ϭ 29) tended to be higher than in the SPMP group (44.2%; n ϭ 38) and in the CG (39.6%; n ϭ 19). At baseline, a total of 116 patients (65.2%) received inhaled corticosteroids, with no statistically significant differences between groups. Table 4 shows major characteristics of the PPP and the group of noncompleters at baseline assessment. Patients who did not complete the study tended to use more health-care resources. Among the patients who were assigned to the intervention groups, study completers had significantly lower morbidity costs at baseline when compared to noncompleters.
The medical outcomes of the PPP are summarized in Table 5 . Various improvements were reported in all study groups, but patients using the IEP were the only ones to experience a statistically significant short-term reduction in asthma-related emergencies and a long-term decrease in the daily use of rescue medication. During the follow-up year, morbidity costs savings in the IEP group were due to a reduction in physician consultations (56%), asthmarelated emergency treatments (75%), and daily medication costs (52%) [Fig 2] .
Compared to the year prior to baseline, average morbidity cost savings during the first year after intervention made up 461€ from a health insurance perspective and 467€ from a societal perspective in the IEP group. Patients in the IEP group had significant reductions (p Ͻ 0.05) in both days off school (Ϫ 75%) and average daily use of rescue medications (Ϫ 77%) when comparing visit 2 data with baseline.
In the CG, significant improvements (p Ͻ 0.05) were observed when analyzing the number of outpatient visits (Ϫ 6%) and the number of lost school days (Ϫ 35%) before and after the trial initiation. Benefits in the usual care group reached 1.55€ from a paymaster perspective and 58€ from a societal perspective. Patients receiving the SPMP alone had better outcomes than control subjects, eg, significantly (p Ͻ 0.05) less physician consultations (Ϫ 44%), emergency treatments (Ϫ 67%), and days off school (Ϫ 71%) in the follow-up period.
In contrast to the IEP group, the reduction in the average daily use of rescue medication among SPMP patients did not reach a statistically significant level. Compared to the IEP group, it took longer to realize a statistically significant reduction in the number of emergencies. Morbidity cost savings in the traditional patient education group (SPMP) were lower when compared to IEP group patients and added up to 301€ from a paymaster perspective and 333€ from a societal perspective. Adjusted benefit, net benefit, and benefit-cost-ratio applicable to the two intervention groups are summarized in Table 6 .
From a health-care insurance perspective, it cost 585€ to deliver education including the IEP; 461€ was saved in health expenses. Adjusting for benefits in the control group, 0.79€ was saved for every 1.00€ spent in the first year after intervention.
Adding the IEP to the SPMP yields incremental morbidity cost savings of 160€ (direct costs) at an additional average cost of 44€ when compared to the SPMP alone. This translates into a benefit-cost ratio of 3.65.
Lung function as measured with PEF increased significantly (p Ͼ 0.05) in all study groups. FEV 1 did not change significantly over time in any of the three groups. Changes in lung function are shown in Table 7 . 
Subgroup Analysis
Subgroup analysis of the main study outcome shows higher benefit-cost ratios for patients with moderate persistent or severe persistent asthma (1.42 in the IEP group) and for patients with any emergency 6 months prior to the study entry (1.21 in the IEP group) [ Table 6 ].
Sensitivity Analysis
In the framework of one-way sensitivity analysis, several cost items and assumptions have been modified in order to test for their impact on the benefitcost ratio (Table 8 ). The ratio is most sensitive to changes in the drug adherence. Assuming a constant reduction in morbidity cost savings in the year following the observational period, ie, allocating just 50% of the educational costs to the observational period, the benefit-cost ratio becomes Ͼ 1 for the IEP group while getting close to 1 for patients within the SPMP group. The benefit-cost ratio is more robust to elevations of GP fees and the IEP reimbursement level.
QoL
QoL as indicated by the KINDL total QoL score increased significantly (p Ͻ 0.05) in both intervention groups. QoL decreased to a little but nonsignificant extent in the CG. Statistically significant (p Ͻ 0.05) improvements were observed in four domains of the KINDL questionnaire among patients using the IEP and in three domains among patients receiving the SPMP (Fig 3) . Statistically significant improvements (p Ͻ 0.05) were also observed in the asthma-specific module in both intervention groups.
IEP Use
On average, patients were logged in to the IEP for 2 h/mo, as indicated by the provider who maintains the IEP. The peak flow protocol section, the patient chat room, and the asthma adventure game were the most widely used modules.
Discussion
The positive impact of the SPMP is fortified by the additional IEP as demonstrated in several outcome measures, including morbidity costs savings, QoL, absenteeism from school, number of asthma-related emergencies, and use of short-acting ␤-agonists. Our subgroup analysis demonstrates that, within 1 year, morbidity cost savings exceed the intervention costs in patients who belong to risk groups (benefit-cost ratio Ͼ 1). Similar findings that reflect the influence of target population characteristics on the results can be found for other asthma education programs in the literature. 8 -10 Unsurprisingly, PEF increased significantly in our growing children in all three groups over time. Presumably, sample size was not big enough to detect any statistically differences in PEF gain between groups if there were any. At study entry, we observed minor impairment in lung function as measured by the FEV 1 . We did not observe any significant improvements in FEV 1 values in the course of the investigation in any of the groups. Since lung function (PEF, FEV 1 ) has not been recorded continuously throughout the study, missing data prevent us from drawing conclusions of the effects of the patient education program on lung function. However, several aspects remain to be discussed, since particularities in the study design and the patient population might limit the general transferability of our findings.
Lack of Randomization
As far as patient characteristics are concerned, significantly more patients in the CG were male compared to the intervention groups. Moreover, lower initial morbidity costs in the CG and the dissimilar distribution of asthma severity degrees reflect a selection bias within the framework of the chosen naturalistic study design. As asthma severity is the main predictor of health-care costs, we have addressed this issue by weighting the group-specific costs according to the underlying distribution of asthma severity. This approach gave us a valid approximation for the primary study outcome. There are various possible explanations for the trend to include more severely ill patients in the intervention groups. First of all, physicians might have a tendency to offer a new technology to more severely ill patients, a phenomenon that is known from other disease areas as "launch bias." Additionally, asthma-related complications (eg, hospitalization or frequent asthma attacks) could be driving factors. At the same time, negative experiences such as emergency department visits might increase the motivation of patients and caregivers to take part in educational activities.
The problem of positive selection could have been avoided by randomization of patients. This was not done for two reasons: First of all, potential candidates with poor asthma control and an urgent need for educational activities could have been prevented from being randomized to one of the two intervention groups. The study investigators had rejected this approach categorically at an initial study conference: no one was ready to accept that severely ill patients would be barred from a scientifically proven intervention such as the SPMP in case of being randomized to a CG.
The second reason for not randomizing patients was study feasibility. If patients without constant access to the Internet had been randomized to the 17 for their approaches to educate preselected patient groups. They realized benefit-cost ratios of 0.62 and 0.61, respectively.
As to the efficiency of patient education in selected risk groups, our findings are also in line with former studies: for every US dollar spent in educational activities, Lewis et al, 25 Clark et al, 9 and O'Brien 26 reported savings of $2.43, $11.22, and $1.48, respectively. 10 This compares to savings of 1.42€ for every Euro spent (SPMP plus IEP) in patients with moderate persistent or severe persistent asthma and savings of 1.21€ in patients with a prior hospitalization, respectively.
When program costs (585€ in the IEP group) are compared to the average cost-of-illness level among study individuals at baseline (approximately 1,200€ per annum in the IEP group), it is not surprising that cost savings did not exceed program costs in the entire study population within the first year after intervention. But given the significant decline in morbidity costs, it can be assumed that a break-even for the entire study population might be arrived at in the subsequent year. In the light of evidence generated in earlier studies 27, 28 that demonstrated that patient education programs yield further cost savings in the long term, it is conceivable that this might also be true for the SPMP (plus IEP). Nevertheless, this assumption will need to be established empirically.
As our findings are based on the PPP, which is likely to represent the most compliant and motivated patients, we reckon that our results might be too optimistic. This is underlined by the results calculated for the population ITT. After replacing missing values by the group-specific averages, lower benefitcost ratios were observed for the ITT population.
Noncompleters in the two intervention groups were characterized by significantly higher initial morbidity costs at baseline assessment when compared to study completers. Although scope for improvement was higher among these noncompleters, the education programs did not turn out to be as effective in these patients. Consequently, it will be of importance to develop strategies that will improve asthma management and compliance for these target groups.
The majority of patients enrolled in this study (65.2%) received inhaled steroids at baseline assessment. In contrast, earlier findings 29 showed substantial underuse of inhaled steroids in patients with asthma in Germany. According to Lagerlov et al, 30 only 31% of all asthmatic patients received inhaled steroids in a German study sample. An analysis from Maziak and colleagues 31 proved that even among children with diagnosed asthma and Ͼ 12 wheezing attacks in the preceding year, only 42% had used inhaled steroids and only 21% reported regular use. As prescription of inhaled steroids to children with persistent symptoms is considered an important indicator of good adherence to asthma treatment guidelines, it can be assumed that the investigators in this study represent a positive selection of physicians fostering the need for antiinflammatory therapy as recommended.
In this context, it is remarkable that drug costs in the intervention groups decreased significantly, although past queries have shown the opposite phenomenon in the aftermath of educational activities. 32 Obviously, there is no backlog demand in the investigated population, and better compliance has given leeway to dose reductions, at least in the intervention groups.
Another hint at a relatively good asthma control in the pre-run to the current survey is the small number of hospitalizations recorded for study participants. In contrast to population-based surveys in which hospitalization costs make up between 53% and 72% of all direct costs, 3 the initial range of 3% (IEP group) to 7% (SPMP group) in our study documents the *In this example, the weighted average cost in group A is 327€, instead of 591€ (unweighted). In other words, if group A had been constituted as group C in terms of asthma severity distribution, we would have expected costs of 327€. We used this common method to compare group results. potential selection bias of well-controlled asthmatics when compared to the average. Despite the above-average quality level of care at baseline, study participants benefited from patient education. In the second half of the observation period, only one patient (2%) in the IEP group and four patients (5%) in SPMP group had an emergency event. This approximates the Global initiative for Asthma recommendations (available at www. ginasthma.com) that demand the absence of any asthma-related emergency.
Health-care utilization data and work absence of caregivers were recorded retrospectively at each of the study visits. This might raise the presumption that these data are subject to a recall bias. However, doctors performed out major parts of this documentation (eg, number of outpatient visits) based on (electronic) patient records. If necessary, patients and caregivers provided additional information on number and devolution of emergencies (emergency department visits and ambulance transports). These data seem to be easily recollected by patients and caregivers due to their drastic consequences. Furthermore, a precedent study 27 has proven a high consistency between the data provided by patients and that provided by the health insurance agencies. Therefore we consider the potential overestimation or underestimation of health-care resource use as minimal.
We find our results encouraging enough to anticipate further implementation activities in cooperation with local and regional paymasters. In either case, regional campaigns boosting the use of the IEP will have to be accompanied by continuous economic evaluations in order to verify its long-term effects on medical and economic outcomes and to quantify the effects on the benefit-cost ratio when both patient and provider groups will be expanded.
